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AERODYNAMIC STUDY OF A WING—FUSELAGE COMBIRATION EMPLOYING A WING
SWEPT BACK 63° — EFFECTIVENESS AT SUPERSONIC SPEEDS OF A
30—FPERCENT CHORD, 50—PERCENT SEMISPAN EIEVON

AS A TATERAT, CONTROL DEVICE

By Robert N. Olson and Merrill H. Mead

SUMMARY

The effectiveness of a 50—-percent—semispan, constant-percent—chord
elevon and of wupper—surface spollers as lateral—control devices for a
wing—fuselage combination employing a wing swept back 63° has been
determined experimentally for the range of Mach numbers from 1.2 to 1.7
at a Reynolds number of 1.5 million. The results are compared with
calculated values of the rolling-moment—effectlveness parameter Cj
as obtained by the gpplication of the linearized theory of superson?c
flow.

For the elevon, results indicate that only about half of the
rolling-moment effectiveness predicted by linear theory was realized.
The varigtion of Mach number had little effect on the rolling-moment
effectiveness of the elevon over the range investigated (Mach mmbers
of 1.2 to 1.7). Increasing angle of attack in the range of 0° to 10°
had a moderate, adverse effect on the rolling-moment effectiveness of
the elevon at a Mach number of 1.2; however, thils effect diminished
with increasing Mach number and became inappreciable in the range of
1.5 to 1.7 Mach number. The lateral—control characteristics of the
elevon were little affected by variation of sideslip angle in the range
from 5° to —50. Elevon deflection produced small sdverse yawing moments
et positive angles of attack, which were of such small magnitude as to
be of little concern. :

The upper—surface spollers, having a maximum projection equal %o
the meximum wing—sectlon thickness, were found to be- inferior to the
elevons for lateral control of this model because of & rapid loss in
effectiveness gbove an angle of sttack of 4o,
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The present elevon was found to be more than adequate for rolling
control of this wing—fuselage combination if the wing were rigid; how-
ever, aeroelastic effects, computed from an approximate strip theory,
were found to influence the rolling effectiveness of the elevon to the
extent that structural considerations would be of prime importance in
the final estimation of required elevon size.

INTRODUCTION

An Iinvestigation was made to determine means of attaining adequate
lateral and longitudinal control for a wing-fuselage comblnation
designed for efficient flight at supersonlc speeds. Thils wing—fuselage
combination, designed according to the theory advanced by Jones in ref—
erence 1, employed e wing of aspect ratio 3.5, taper ratio 0.25, and
63° sweepback of the leading edge. The results of wind—tunnel tests at
supersonic speeds to determine the effectiveness of a 30—percent chord,
50-percent—semispan elevon as a longitudinal control for this wing—
fuselage combination are presented (along with drag and hinge-moment
data) in reference 2. The present report presents the results of a
wind—tunnel investigation at supersonic speeds to determine the lateral-—
control characteristics of this elevon. The lateral—control character—
istics of upper—surface, S50-percent—semispan, outboard spoilers were
also investigated.

NOTATION

All moment coefficients were referred to the stability axes with
the origin located at the quarter—chord point of the mean aerodynamic
chord projected to the fuselage center line.

C; rolling-moment coefficient (mllif;%bﬂoment)

Cy_. damping-moment coefficient in roll; the rate of change of rolling—'
P moment coefficlent Cy with wing—tlp helix angle pb/2V, per
radlan -

015 elevon rolling-moment—effectlveness parameter for constant angle of
attack aCZ)
38 /g

yvawing-moment coefficient referred to quarter—chord point of mean

aerodynsmic chord <?aWingS§oment
a

Cn
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Mach number (V/a)
Reynolds number (pVS/u)
wing srea, square feet
airspeed, feet per second

speed of sound, feet per second

wing span, feet

b /2
wing mean serodynamic chord b/ s Ffeet
2

local wing chord measured parallel to plane of symmetry, feet

angular velocity in roll, radiasns per second

wing—tip helix angle, radians

dynamic pressure (%pva) » pounds per square foot

angle of attack of fuselage center line, degrees

angle of sideslip, positive with right wing leading, degrees

angle between wing chord and elevon chord, measured in & plane
perpendicular to the elevon hinge line, positive for downward
deflectlon with respect to the wing, degrees

mess density of alr, slugs per cubic foot

viscosity of air, slugs per foobt—second

Coefficients indicated with & prime (') are uncorrected for tunnel
pressure gradient and flow inclination.

APPARATUS AND TEST METHODS

The investigation was conducted in the Ames 6— by 6~foot supersonic

wind tunnel which 1s equipped with an asymmetric sdjustable nozzle per—
mitting a variation in Mach number from 1.2 to 2.0 in the pressure range
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of 2 to 20 pounds per. square inch sbsolute. ~However, due to.certain
vibration difficulties of the present model support system, the Mach
number renge 1s temporarily limited to a maximm of 1.7.

The strain-—gege balance and instrumentation are described in detail
in reference 2.

The model, pertinent dimensions of which are presented with a plan
form sketch in figure 1, is shown mounted in the test section in the
photogreph of figure 2. The wing was untwisted, had o° incidence, and .
was composed of NACA 0010 airfoll sections perpendicular to the leading
edge. A 30-percent—chord elevon was mounted on the outboard 50 percent
of the right wing panel. Spoilers, in heights up to the maximum wing—
section thlckness, were constructed of aluminum alloy angles and were
located successively at hO—, 50—, and 60-percent—chord stations of the
outboard half of the right wing panel. The wing and elevon were of
solid-steel construction, while the fuselage was of hollow-steel con—
struction to permit the installation of the four—component strain—gage
balance. A cutawey schematic drawing showing this installation is pre—
sented 1n reference 2. The fuselage was designed on the basis of mini-—
mm wave drag for a given volume and length and had a fineness ratic of
12.5, including that portion of the body cut off to provide a method of
attaching the model to the sting support. .

To shorten the testing time necessary for the lateral-control—
effectiveness investigation, the model was mounted in the test section
with the plane of the wing placed vertically. With the model mounted
in this manner, the present model support system permits continuous
variation of the angle of sideslip during the test. Changing angle of
attack, however, entailed changing the model gupport sting for each
desired angle of attack. '

Side forces, rolling moments, and yawing moments were measured over
& Mach number range from 1.2 to 1.7 at & Reynolds number of 1.5 million.
The data were then transferred to stability axes and reduced to final
coefficient form. Force measurements were made at nominasl angles of
gideslip of —5°, —2.5°, 0°, 2.5°, and 5° for angles of attack of 0°,

and 10°, The elevon deflection was varied in 10° increments from _

lO6 to —~30°.

The angle of sideslip of the model was determined optically by
means of a cathetometer. The control—surface deflections, however,
could not be determined during tests but were measured under static
condltions before each test and corrected for deflection under aero—
dynamic loading, using constants determlned from static loading tests.

The angle of attack was fixed for each test conditilon by using a
sting bent to the desired angle. Since the angles of attack could not

- conFIDENTIAL;,
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be measured during the test, the angle of attack was measured initially
under static conditions and corrected for deflection under serodynamic
load, using constants determined from static loading tests.

REDUCTION OF DATA

Since the force and moment strain gages were located inside the
model, there were no direct foree tares due to aerodynsmic forces on
the sting. Effects of support interference, for the present investi-
gation, are confined to changes in base pressure and thus an effect on
drag. (See reference 3.)

Although the variations in stream curvature existing in the test
section of the Ames 6~ by 6—foot wind tunnel (discussed in reference L)
are such that lateral characterlstics of a highly swept wing-body com—
bination such as the present configurstion, tested at Mach numbers other
than 1.4, would be subject to some doubt, values of the incremental
aerodynamic coefficlents due to elevon deflection are rellsble. Because
of the axial variations in stream angle at Mach numbers above and below
1.k, however, it is difficult to determine the effective model angle of
sideslip when testing with the plane of the wing vertical. Therefore,
the angles of sideslip referred to in the report are nomingl angles
referenced to the horizontal plane and as such restrict the significance
of the angle—of—sideslip effects on the control—surface—effectiveness
parsmeters to a qualitative indication as to trends with Mach number.

The total known uncertainties introduced into the serodynamic coef-—
ficlents by the factors comprising the various results were determined
in the manner fully discussed in reference 5 and are of the following
magnitudes: :

Quantity Uncertainty
Rolling-moment coefficient +0.0008
Yawing-moment coefficient +0.0001
Mach number . 0.01
Reynolds number 0.03 x 108
Angle of attack +0.05°
Elevon deflection +0.25°

RESULTS AND DISCUSSION

In evaluating the results of the present investigation, it should
be noted that the tests were made at but one Reynolds number (1.5 milliomn).
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Previous tests, however, made to determine the effectiveness of this
elevon as a longltudinal control (reference 2L showed no gppreciable
change In the effectlveness and hinge-moment parameters in the Reynolds
number range of 1.5 to 3.7 million.

Elevon Lateral-Control Characteristics

Resultes of the force tests made to determine the latersl—control
characteristics of the elevon are shown in figures 3 to 8.1 Cross plots
of the basic data of figures 3, 4, and 5 (figs. 9, 10, and 11) show the
varigtion of rolling-moment coefficients with elevon deflection for
constant angles of sideslip for Mach numbers of 1.2 through 1.7.

Rolling moment.~ An indication of the effectiveness of the elevon
as an gileron control i1s obtained.from the rolling—moment coefficient
versus elevon deflection curves of figure 9. The variation of rolling—
moment coefficlent was generally linear with elevon deflection through—
out the Mach number range for elevon deflections between +10° and —20°.
For negative deflections greater than 20°, however, there is an appre-—
ciable décrease in effectiveness indicating probasble increased separa—
tion effects wlth increased elevon deflection. The pitching-moment—
effectiveness curves (see referemnce 2) for this same elevon indicate a
similar tendency although the lift—effectiveness curves are essentially
linear indicating a redistribution of spanwise loading to give a shift
in center—of-pressure position rather than a decrease in the 1lift~—
effectiveness parameter. '

Qualitatively, the effect of positive angles of sideslip (right
wing leading) was to increase the rolling-moment effectiveness of the
right wing elevon, and, conversely, negative sideslip angles decreased
the rolling-moment effectiveness at a Mach number of 1.2. (See fig. 3.)
This effect of sideslip angle on rolling-moment effectiveness decreased
with incregsing Mach number, becoming relstively smsll at a Mach number
of 1.7 for the range of angles of sideslip of 5° to -5°. Since, in the
present investigation, the significance of the effects of sideslip are
restricted to & qualitative indication as to trends with Mach number
(see section on reduction of data), and since the effects of sideslip
are small over the range investigated, the Cz' versus o curves are
given for various nominal angles of sideslip at O° angle of attack only;
for the higher angles of attack, data at only 0° sideslip are presented.

1The elevon deflection angles shown in these figures (Sgettingy) are for
the unloaded condition; however, the correctlon due to aerggynamic
loading amounted to but 1° at angles of attack of 10° apd to smaller
amounts at the lower angles of attack. The aileron deflection angles
in the subsequent cross plots are fully corrected for this effect of
aerodynamic loading (see section on apparatus and test methods).
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The results from figures 9 and 11 are summarized and presented in
figure 12 in the form of the rolling-moment~effectiveness parameter CZs‘
A theoretical estimation of the varlation of this rolling-moment—
effectlveness parameter with Mach number was made by the method of refer—
ence 6 and is presented with the experimental values in figure 12. As
predicted by linear theory, a very gradual loss of Cj with increasing
Mach number is evident, although only about 50 percent of the predicted
effectiveness is realized throughout the speed range investigated for 0°
angle of attack. This ratio of experimental to theoretical rolling—
moment effectiveness would be expected from the fact that but half the
predicted 1ift effectiveness of the elevon was realized. (See refer—
ence 2.) Increasing angle of attack from 0° to 10° had a moderate s
adverse effect on the roliing-moment effectiveness of the elevon at a
Mach number of 1l.2. The magnitude of this adverse effect decreased with
increasing Mach number and became negligible at Mach numbers of 1.5 to
1.7.

'The significance of the results insofar as lateral control is con—
cerned can be gssessed by using the data to determine the effectiveness
of the elevons in trimming the wing—body combination to a wings—level
gttitude in sideslip. By the use of the theoretical lsteral-stebility
derivatives of reference 7, it can be shown that the elevons have suffi—
cient rolling-moment effectiveness to hold s wings—level attitude for
the flat wing of the present test to a maximm sideslip angle of between
T° and 9° at a 1lift coefficient of 0.25. The use of twist and canmber in
the wing materiglly improves this condition so that, for the cambered
end twisted wing of reference 7, it is estimated that the elevons will
hold a wings—level attitude to sbout 12° sldeslip at a 1ift coefficient
of 0.25.

A better quantitative indication of the adequacy of the aileron
control can be obtained from the camputed values of the helix angle
Pb/2V produced by 1° elevon deflection. The helix angles generated
by the wing tips In a steady roll were calculated using the experimen—
tal results of flgure 12 and the wvalues of the damping coefficient Czp

computed by the method of reference 8., These wvalues of b& E_V, thus

calculated, are for the unyawed condition for 0° a.ngle of attack only.
Values of the damping coefficient CZP used in computing p‘b/EV varied

from —0.252 at a Mach number of 1.2 to -0.282 at a Mach number of 1.7.
The wing-tip helix angle per degree elevon deflection, thus derived,
reduced with increasing Mach number, with the rate of decrease gradually
lessening with increasing Mach number. (See fig. 13.) '

For alrplanes capable of very high speeds, maximm rolling velocity
is believed to be more of a criterion of the required rolling perfor—
mance than p'b/2V. By the use of this criterion to ewvaluate the rolling
rerformance of the elevon (a rigid wing assumed) the present elevon
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could be reduced in size if used as an aileron only. This supposition
1s substantiated by the data of figure 14 which show a comparison of

the pb/2V obtained from 30° total elevon deflection with that required
to attein a rolling wvelocity of 200° per second with a L40—foot wing—
span airplane of the present configuration flying at 60,000 feet alti-
tude.

The foregoing discussion of the adequacy of the elevon in pro—
viding lateral control must be modified in light of possible aeroelastic
effects. For supersonic speeds, the loss in aileron effectiveness due
to bending and torsional deformation of a swept—back wing is much
grester than for the equivalent wing at subsonic speeds. The reasons
for this are as follows:

Although the rolling moment due to unit aileron deflection is only
about half at supersonic speed of what it is at subsonic speed (see
reference 10), the loading dve to slleron deflection.is so distributed
that the wing torsional moment (and, therefore, torsional deformation)
per degree aileron deflection is sbout the same in both cases, provided
the dynamlc pressure is the same. To obtain a given CZ’ the aileron
deflection st supersonic speeds must be gbout twice the deflection
necessary at subsonic speed, resulting in twice the torsional defor—
mation. Therefore, since the rolling moment due to a glven wing twilst
is somewhat greater at supersonic Mach numbers, sileron reversal occurs
at much lower dynamic pressure at supersonic speeds than at subsonic
speeds. Calculatlions show that, for an alrplane equipped with & wing
similar to that of the present investigation, designed for a maximum
load factor of 2.5 cruising at M = 1.k at 60,000 feet altitude, the
alleron effectiveness in rolling is reduced by aseroelastic effects to
about 50 percent of that for a rigid wing. It appears, therefore, that
1n the design of allerons for supersonic swept-wing aircraft considera—
tions of the effects of elagtic deformation of the wing are very impor—
tant.

Yawing Moment.— The yawing—moment—coefficient increment resulting
from positive deflection of the right wing elevon was adverse (sign of
yewing—moment increment opposite to that of rolling-moment increment)
at positive angles of attack. (See figs. 7 and 8.) The magnitude of
the adverse yawing-moment—coefficlent lncrement increased as the wing
angle of attack increased, but was little affected by Mach number.
Adverse yaw tends to retard the forward movement of the upgoing wing,
resulting in a loss in pb/2V if a rudder is not used to counteract
the yawing moment. However, the adverse yaw existing in the present
case does not appear to be serious since estimates show that it may be
overcome by use of a rudder.
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Spoiler Lateral—Control Characteristics

Results of the investigation of 50-percent—semispan, outboard
spoilers tested in heights of 50— and 100-percent maximum wing—section
thickness (respectively, 5— and lO-percent of wing chord perpendicular
to leading edge) at 40—, 50-, and 60~percent—chord stations showed rela—
tively poor rolling effectiveness. As little difference in rolling-—
moment effectiveness was evident for the three chordwlse stations inves—
tigated, data for but one chordwise spoiler location (50-percent—chord
stations are presented in figure 15. The maximm rolling effectiveness
obtainable for the several spollers tested was equal to that obtained
from sbout 20° deflection of the elevon; however, a marked , adverse
effect of angle of attack at angles above L° was evident over the entire
Mach number range investigated. Thus, as the angle-of-ettack effect on
the rolling—moment effectiveness of the elevon was only moderate at Mach
numbers of 1.2 to 1.4 and insignificant at Mach numbers of 1.5 to 1.7
(£ig. 12), the present elevon is markedly superior to the spoilers
tested for lateral control of this wing—fuselage combination.

CONCLUSIONS

An investigetion of the effectiveness of a constant—percent—chord
outboard elevon and upper-surface spollers as latergl-control devices
for a wing of symmetrical section with the leading edge swept back 63 )
in combination with a body of revolution, disclosed the following
results for the Mach number range of 1.2 to 1.7 at a Reynolds number of
1.5 million:

1. Results of tests of the effectiveness of a 30-percent—chord,
S0-—percent—semispan elevon as a lateral control indicated the following:

(2) The rolling-moment—effectiveness parameter Cla was ghbout
half that predicted by linear theory.

(b) Variation in Mach number had little effect on the rolling—
moment effectiveness of the elevon over the range investi—
gated (M=1.2 to 1l.T).

(¢) Increasing angle of attack from 0° to 10° had a moderate,
adverse effect on the rolling-moment effectiveness of the
elevon at a Mach number of 1.2, which decreased with
increasing Mach number and became negligible at Mach
numbers of 1.5 to 1l.7.
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(d) For a rigid wing, the present elevon is more than adeguate
for rolling control of this wing—fuselage combination;
however, theoretical celeulations showed that aeroelastic
effects adversely influenced the rolling effectiveness.
The elevon slso appears to be satisfactory in trimming
to a wings—level condition in sideslip especially for
twisted and cambered wings. -

(e) Deflection of the elevon produced small adverse yawing
moments at positive angles of attack. '

(£) The effectiveness of the elevon as a lateral control was little
affected by angles of sideslip up to *5°.

2. Results of the investigation of outboard upper—surface spoilers,
tested in heights up to the maximum wing-section thickness and located
successively at ho—, 50—, and 60-percent—chord stations, proved the
spollers to be inferior to the elevon for latersl control of the present
configuration because of a rapid loss in effectiveness at angles of
attack above 4°.

Ames Aeronauticel Laboratory,
Nationel Advisory Committee for Aeronautics,
Moffett Field, Callf.
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